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t. Physi
s beyond the Standard Model naturally gives rise to very light and weaklyintera
ting parti
les, dubbed WISPs (Weakly Intera
ting Slim Parti
les). A prime example isthe axion, that has eluded experimental dete
tion for more than thirty years. In this talk wewill review some of the strongly motivated 
andidates for su
h parti
les, the observational hintsfor them and the present status of sear
hes with photon regeneration experiments, as well aspossible future improvements.1. Introdu
tionDespite the su

ess of the Standard Model of elementary parti
le physi
s (SM) there are stillseveral missing ingredients for a su

essful des
ription of the universe, the most prominent adark matter 
andidate. Several proposals have been made to embed the SM in a more generaland 
onsistent unifying theory, evoking new physi
s. We have learned that a whole new groupof very weakly and slim parti
les (WISPs) may emerge as a 
onsequen
e of physi
s beyondthe Standard Model. An example among these parti
les is the axion, proposed to solve thestrong CP problem [1℄ of Quantum Chromodynami
s (QCD), whi
h has eluded dete
tion tillthese days. On the other hand, unifying frameworks su
h as string theory predi
t the existen
eof axion-like parti
les (ALPs) [2℄, i.e. parti
les that also emerge from the rupture of globalsymmetries, with the same intera
tions as the QCD axion but with di�erent mass and de
ay
onstant. Another important 
andidate for a WISP is the so 
alled hidden photon, a light extraU(1) gauge boson [3℄ emerging from hidden se
tors, 
ommonly needed to break supersymmetry.Generally, as a 
ommon feature, the weakness of the WISPs 
ouplings to SM parti
les and thesmallness of the mass are inherently related to a high energy s
ale at whi
h the breaking of anunderlying symmetry o

urs. So, not only it is very plausible to have light, very weakly 
oupledparti
les, but indeed if we �nd them we may obtain information on the physi
s beyond the SM atvery high energy s
ales. The possible masses and 
ouplings for WISPs are spanned over a widerange in parameter spa
e, whose di�erent regions are probed with astrophysi
al, 
osmologi
aland terrestrial sear
hes in a 
omplementary manner. Therefore astrophysi
al, and terrestrialsear
hes are fundamental to 
onstrain their existen
e. A notable di�eren
e to the 
ase of weakly
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intera
ting massive parti
les (WIMPs) is, however, that powerful a

elerators are not useful todete
t WISPs, but instead powerful lasers and ele
tromagneti
 �elds whi
h allow for low energyexperiments of high pre
ision [4℄.The present talk is organized as follows: in se
tion 2 we review the physi
s 
ase for WISPs,only fo
using on axions, ALPs and hidden photons. Several other 
andidates have been proposed[5℄, but due to the high 
onstraints on their existen
e we will not dis
uss them here, even thoughmost of our analysis applies as well. In se
tion 3 we brie
y re
all the present limits on WISPs setby 
osmology and astrophysi
s. In se
tion 4 we highlight puzzling observations, that 
ould beexplained by the existen
e of WISPs. In se
tion 5 we introdu
e one of the most popular sear
hesfor WISPs that exploit the 
oupling to photons: laser regeneration experiments, also known aslight shining through walls experiments (LSW) and we 
ompute the 
onversion probability. Inse
tion 6 we re
all some important improvements that have been proposed for LSW experimentsand we also 
omment on their limitations. Finally, in se
tion 7 we 
on
lude showing the expe
tedsensitivity of these experiments on axions, ALPs and hidden photons.2. Physi
s 
ase for WISPs2.1. Axion and axion-like parti
lesAs already noted, the axion was proposed as a way to solve the strong CP problem. Due to theAdler-Bell-Ja
kiw (ABJ) anomaly [6℄, a CP-violating term should appear in the Lagrangian ofstrong intera
tions LQCD � �s4� ��G�� ~G�� ; ~G�� = �����G��: (1)Where G is the gluoni
 �eld strength, and �s is the strong 
oupling 
onstant. The parameter�� = � + arg detM is the sum of the CP violating term arising from the ABJ anomaly and theargument of the determinant of the 
omplex quark matrix. This parameter is not 
onstrainedby the theory and must be determined experimentally. A sensitive probe of � is provided bythe measurement of the ele
tri
 dipole moment of the neutron, whi
h would emerge from aterm su
h as equation (1). The theoreti
al 
omputation predi
ts jdnj � 10�16�� e 
m, and fromthe re
ent experimental bound [7℄ on jdnj < 2:9 � 10�26 
m e, it is possible to set the limit of�� < 10�10, a really small number. The strong CP problem is the puzzle why the sum of twounrelated quantities is so unnaturally small.To solve this problem, a new 
hiral U(1) symmetry is introdu
ed in the SM- the so 
alledPe

ei-Quinn (PQ) symmetry [1℄, whi
h is spontaneously broken. The pseudo-Goldston bosonasso
iated is the axion a, whi
h has a shift symmetry only broken by the CP-violating termLa = �12 (��a)2 + afa �s4�G�� ~G�� + L (�a; ) : (2)This means that the axion �eld has a non-zero potential, and therefore has a va
uum expe
tationvalue di�erent from zero, given by hai = ���fa. Thus, the �� CP violating term 
an be absorbedinto the axion �eld, de�ning the physi
al axion �eld as aphys = a� ��fa.Therefore, the introdu
tion of the spontaneously broken U(1)PQ solves the strong CPproblem, with the pri
e of a new s
alar parti
le, so far undete
ted. The axion is nominallymassless as a Goldston boson, however a
quires a small mass as a result of the 
hiral anomaly,namely m2a = h�2Va�a2 i = � �s4�fa ��a hG�� ~G��ijhai: (3)The axion mass 
an be expressed in terms of the light (u; d) quark masses, the pion mass m�and the pion de
ay 
onstant f� as [8℄:ma = m�f�fa pmumdmu +md = 0:60meVfa=1010GeV : (4)



There are two ben
hmark invisible (fa � vweak) axion models. The model known as KSVZ [9℄
onsiders new heavy quarks 
arrying U(1)PQ 
harges, leaving normal quarks and leptons withouttree-level 
ouplings. In models known as DFSZ [10℄ at least two Higgs doublets are needed andordinary quarks and leptons 
arry PQ 
harges. The 
oupling of axions to two photonsLa

 = �14ga

aF�� ~F �� = ga

 a ~E � ~B; (5)is very important for many experimental sear
hes. The 
oupling 
onstant ga

 is modeldependent and is given byga

 = �2�fa �EN � 23 4 + z1 + z� � 10�13GeV�1�1010GeVfa � ; (6)where z = mu=md and E and N are the ele
tromagneti
 and 
olor anomalies asso
iated withthe axion anomaly. For KSVZ models, E=N = 0, and for DFSZ models, E=N = 8=3.The 
on
ept of an extra U(1) symmetry that is spontaneously broken has been generalizedto give rise to parti
les that may share the same 
oupling as axions (the most relevant beingthe 
oupling to photons), but with a totally di�erent origin. These parti
les have thereforebeen dubbed axion-like parti
les (ALPs) and they 
an be found in a mu
h more wider region inparameter spa
e, sin
e there is no a priori relation between the mass and the 
oupling 
onstant,su
h as for the axion. An example of ALP would be a generi
 pseudo-Nambu-Goldstone-Bosonemerging as parti
le ex
itations of �elds that a
quire some va
uum expe
tation value, due toa spontaneous symmetry breaking. In this 
ase the smallness of the ALPs masses is inverselyrelated to the very high energy s
ale of new physi
s. For instan
e if the symmetry is a U(1)
hiral symmetry, it would be very likely to �nd a 
oupling to two photonsL � g�F�� ~F �� : (7)Besides the pseudo-Nambu-Goldsone �elds it is possible to �nd 
ouplings of new s
alar bosons tophotons su
h as the equation above from string 
ompa
ti�
ations where the generi
ally presentzero modes of antisymmetri
 tensor �elds 
oupled to gauge �elds via Chern-Simons terms leadto CP violating 
ouplings in the low energy e�e
tive theory [2℄.2.2. Ultralight Hidden-Se
tor Parti
lesAnother well motivated WISP are the hidden se
tor U(1) gauge bosons, or hidden photons.They are a generi
 feature arising from string 
ompa
ti�
ations. Usually hidden se
tors are onlyweakly 
oupled to the visible se
tor via gravitational intera
tions and after 
ompa
ti�
ations,their gauge groups may have broken into produ
ts of non-Abelian groups and U(1) gauge groups.Observable e�e
ts are strongly suppressed be
ause intera
tions o

ur through operators of massdimension greater than n =4; at low energies they go as (E=Ms)n�4, where E is the e�e
tivelow energy s
ale and Ms is the string s
ale. However, remarkable ex
eptions are hidden se
torAbelian gauge bosons - messengers between the hidden and visible se
tors - whose U(1) mayremain unbroken down to very small energy s
ales. The dominant intera
tion of the hiddenphoton with the SM parti
les is with photons, through a kineti
 mixing termL � �14F��F �� � 14X��X�� + �2F��X�� + m2
02 X�X�; (8)where X� denotes the hidden photon �eld, with �eld strength X�� . The strength of the mixingwith photons is en
oded in the dimensionless parameter � generated at loop level via heavy



fFigure 1. Summary of 
osmologi
al andastrophysi
al 
onstraints for axions and axion-like-parti
les (left). See the text for details.Orange 
ir
led regions 
orrespond to hint on ALPs.Compilation from referen
e [4℄ where also moredetails 
an be found. Figure 2. Summary of 
osmologi
al and astrophysi
al
onstraints for hidden photons. See the text for details. Areasthat are espe
ially interesting are marked in light orange.Compilation from referen
e [4℄ where also more details 
an befound.messenger ex
hange, predi
ted to be very small. Its value usually1 
u
tuates between [11, 12, 13℄10�12 . � . 10�3: (9)We have also in
luded a mass term for the hidden photon in the e�e
tive Lagrangian equation (8)arising from a standard Higgs me
hanism or a Stue
kelberg me
hanism. In the latter 
ase, themass and the size of the kineti
 mixing are typi
ally linked through the string s
ale asm2
0 jstu
k h gs2 �4�g2s M2sM2P �z ; z = 13 ; 1: (10)Where gs is and MP is the Plan
k mass. Therefore in the Stue
kelberg me
hanism 
ase, thedis
overy of a hidden photon translates into a predi
tion of the string s
ale.3. Constraints on WISPs from Astrophysi
s and CosmologySeveral observational and experimental te
hniques are used to sear
h for WISPs and they aresummarized in �gure 1 for axions and ALPs and in �gure 2 for hidden photons. In prin
iple it isnot an easy task, sin
e these parti
les 
an span a wide range in parameter spa
e and their weak
oupling to SM parti
les makes them really hard to dete
t. The most prominent and stringent
onstraints 
ome from astrophysi
s and 
osmology, and we dis
uss them in this se
tion3.1. Bounds from stellar evolutionThe emission of weakly intera
ting parti
les from stars usually leads to a modi�
ation of itsevolutionary time s
ale [16℄. For instan
e, the energy loss due to the new parti
le makes theburning of a star faster, diminishing the time of shining. However, this is not the 
ase in low-massred giants, where the emission of new parti
les would lead to a delay of helium ignition, extendingthe red-giant phase. By identifying these evolutionary phases- sensitive to new energy losses
hannels - has been possible to set bounds on WISPs in di�erent stellar environments [16, 17℄.From �gure 1 one 
an see that the most stringent bounds on axions are 
oming from Supernova1987a and observation of horizontal bran
h stars (HB) stars. This is be
ause in these obje
ts the1 In the 
ontext of 
ompa
ti�
ations of the heteroti
 string, the size of the mixing 
an be in the range of10�5 � 10�17 [14, 15℄



temperature is the adequate so neutrino and axion emission is important 
ompared to photonemission, and neutrinos are just starting to have an impa
t on stellar observables, thereforeaxion emission is not e
lipsed. On the other hand, the sun lifetime does not set a bound onaxions nor ALPs but on hidden photons [18℄ and is 
omplemented by the lifetime of HB stars[19℄.3.2. Bounds from big bang nu
leosynthesis and the 
osmi
 mi
rowave ba
kgroundAfter the realization that the universe is expanding, several measurements of the expansionrate have enlightened the physi
s in the early universe. Primordial abundan
es, 
osmi
mi
rowave ba
kground (CMB) anisotropies and large s
ale stru
ture allow us to infer the parti
le
ontent in the past. A sensitive measurement of the expansion rate of the universe duringbig bang nu
leosynthesis (BBN) is the 4He mass fra
tion, Yp, whi
h a

ording to WMAP isYp = 0:2486� 0:0002 (68% C.L.) [20℄ in the frame of SM 
osmology. However, several estimatesof the helium abundan
e seem to indi
ate a (yet not 
on
lusive) ex
ess of Yp whi
h 
an beattributed to an extra degree of freedom, en
losed in a higher number of e�e
tive neutrinos [21℄.Re
ent determinations of this number seem to favor an ex
ess at the BBN epo
h of �N e�� � 1and therefore 
an be used to motivate or 
onstrain WISPs that may have added new relativisti
degrees of freedom. As noted in [4, 21℄ an extra neutral spin-0 parti
le thermalized during BBNis allowed, but it is not the 
ase for a hidden photon.Another sensible measurement on new light parti
les is the CMB anisotropy. Rea
tionsinvolving 
 ! WISP 
onversion would have depleted photons in a frequen
y-dependent way,that 
an be tested with the spe
trum measurements by FIRAS [23℄, and have been used toset 
onstraints on light ALPs [24℄ and hidden photons [25℄. Besides, it has been noted in [26℄that resonant produ
tion of hidden photons would lead to a distortion in the CMB spe
trum,providing a strong 
onstraint on these parti
les.4. Hints on WISPsIn this se
tion we will review some possible hints on the existen
e of WISPs, they have beenmarked in orange in the 
ase of ALPs in �gure 1 and 
ir
led in light yellow in �gure 2 for the
ase of hidden photons.4.1. Hints on ALPsOne of the most important hints on ALPs is the possibility that they may 
omprise all or somepart of the 
old dark matter in the universe. This 
an be a
hieved by the so-
alled misalignmentme
hanism: the ALP should never rea
h thermal equilibrium, however the misalignmentme
hanism will ex
ite 
oherent os
illations of the �eld. If it a
quires a tiny mass the �eldwill begin to move and eventually when the mass ex
eeds the expansion rate of the universe,will start to os
illate, populating the universe. At �rst this idea was brought up in the 
ontextof the axion [27℄ with masses in the range of the ma � �eV, but it has been noted that theme
hanism 
an also be applied very well to ALPs [28℄, where a mu
h wider parameter spa
eregion is allowed. A se
ond extra hint 
omes from the observation of a non standard energy lossin white dwarfs [29℄, 
ompatible with an ALP of g� � 10�12 GeV�1 and a mass m� . meV.Finally, the fa
t that distant astrophysi
al 
 sour
es have been observed in the range of theTeV by H.E.S.S and MAGIC { a fa
t whi
h is puzzling sin
e it is believed that 
 absorptionfrom extragala
ti
 ba
kground light is too strong to allow their observation [30℄ | may beattributed to 
 ! ALP os
illations. Indeed, su
h 
onversion 
ould take pla
e in the magneti
�elds around the 
 sour
es, allowing the ALP to travel undamped till they rea
h our galaxy,where the ba
k 
onversion may take pla
e in the intergala
ti
 magneti
 �eld [31, 32℄, althoughthis is highly dependent on the strength and lo
ation of the �elds. The apparent transparen
y



of the universe to gamma rays favors an ALP of mass m� . 10�9 eV and a 
oupling 
onstantof g� � 10�12 GeV�1, ex
luding an axion interpretation, but instead an axion-like parti
le.4.2. Hints on hidden photonsResonant os
illations between photons and hidden photons after BBN and before de
oupling may
omprise a hidden CMB [25℄. The hidden photons in the range of m
0 � meV and � � 10�6produ
ed by su
h os
illations would 
onstitute a 
ontribution to the dark radiation at theCMB epo
h, leading to an apparent in
rease of the e�e
tive number of neutrinos. Interestingly,a

ording to several re
ent observations, a number higher than three is 
urrently favored [22℄.This observation will soon be tested by the PLANCK satelite. At the same time, a hiddenphoton in the parameter range of interest 
an also be sear
hed for by the LSW experimentALPS (see below).Another important hint for the existen
e of hidden photons is their relation with dark matter.As mentioned before, the misalignment me
hanism will lead to 
old dark matter produ
tion forany light 
onditions. The latter may be ful�lled by hidden photons [33℄. Resonant Comptonevaporation of hidden photons is the main pro
ess that 
ould thermalize it, and thus 
onstrainsthe region where 
ould be found as dark matter [28℄. The favored region is quite wide,(�;m
0) . (10�9; eV), and very en
ouraging for laboratory experiments that 
ould test it inthe near future. Other possibilities are that the hidden photon may be a lukewarm dark matter
andidate in the range of (�;m
0) � (10�12; 0:1MeV) [19℄, and that a heavy hidden photon inthe range of (�;m
0) � (10�4;GeV) 
ould play an important role in models where the darkmatter resides in the hidden se
tor [34, 35, 36℄.5. Laboratory sear
hes with photonsSeveral dedi
ated experiments are looking for WISPs worldwide, and they have 
ontributed to
onstrain the parameter spa
e on these parti
les. Laboratory sear
hes are in many 
ases not
ompetitive to astrophysi
al sear
hes, e.g. with helios
opes [37℄, but still they help to provideimportant 
on�rmation on these sear
hes, due to their 
lean and 
ontrolled environment. Oneof the most promising laboratory sear
hes are the so-
alled light shining through a wall (LSW)experiments, whi
h exploit one of the most attra
tive features of WISPs, their os
illation withphotons. We will pro
eed to review these experiments brie
y in the next subse
tion (for anexhaustive review, see referen
e [38℄).5.1. Photon ! WISP os
illationsOs
illations between photons and WISPs (and vi
eversa) are possible due to an e�e
tive nondiagonal "mass matrix" , M, that arises due to the 
ouplings between them. The generi
equation of motion looks like [4, 39℄��!2 + �2z�1�M�V = 0; (11)where V is a 
omposite ve
tor between photon 
omponents and the WISP �eld (generally thedi�erent photon polarizations have di�erent equations of motion). The generi
 solution to theseequations 
an be found by diagonalization of the mass matrix M and writing the intera
tionstates V as a 
ombination of the propagation eigenstates of the system U , whi
h are given byU = DyV; (12)where D is the matrix that diagonalizesM. The mass of the propagation states is given by theeigenvalues of the mass matrix, and therefore, the wave number for ea
h propagation eigenstateis k21;2 = !2 � �1;2, where �1;2 are the two eigenvalues of M. The details of the mass matrixdepend on the type of boson that we are 
onsidering. For axions and ALPs the intera
tion



Figure 3. S
hemati
 of a LSW setup (ALPS experiment at DESY). The laser is inje
ted in the bore of thesuper
ondu
ting dipole magnet. An opaque wall is pla
ed at the 
enter of the magnet. WISPs produ
ed in this part,
alled produ
tion side pass through the wall, to the regeneration side where 
an re
onvert into light and 
ontinue to thedete
tor in the end part of the experiment. Figure from referen
e [38℄.o

urs only with the 
omponent of the photon parallel to the external magneti
 �eld B, and themixing matrix is given by M� = � 0 g B !g B ! m2� � : (13)Meanwhile, the mass matrix for hidden photons is given byM
0 = m2
0 ��2 �� 1� ; (14)The probability that a photon os
illates into a WISP2 after a traveling distan
e L readsP
!WISP = 4 sin2 2� sin2� jk
 � k�jL2 � ; (15)where the momentum transfer between photon and WISP is given by jk
 � k�j = j! �q!2 �m2WISPj � m2WISP= (2!), and the os
illation angle satis�estan 2� = M12M11 �M22 : (16)The 
orresponding mixing angles for ALPs and hidden photons are given bysin2 2�� = g2B2!2m4� ; sin2 2�
0 = �2: (17)5.2. Light shining through a wall experimentsIn a light shining through a wall experiment the light shines into an opaque wall (magneti
region is needed for the 
ase of ALPs) and if the 
onversion 
 ! WISP took pla
e, the latterwill be able to pass through the wall. On the other side, an exa
t same region makes possiblethe re
onversion into a photon that 
an rea
h the dete
tor, making possible the phenomenon oflight shining through a wall. The s
hemati
 of the experiment is depi
ted in �gure 3. Sin
e thephoton must be regenerated on the other side of the wall, the total probability to dete
t it in asymmetri
 setup is PLSW = P 2
!WISP: (18)2 Re
all that in this review we are only fo
using on axions, ALPs and hidden photons as WISPs.



As 
an be inferred, the produ
t BL is the most straightforward way to in
rease the sensitivityof the experiment for an axion or an ALP. Another important feature of LSW experiments isthe use of lasers in the opti
al regime, sin
e they provide the highest photon 
uxes in orderto over
ome the smallness of the probability of 
onversion. In the 
ase of ALP sear
hes, LSWexperiments are not yet 
ompetitive with other solar or astrophysi
al sear
hes, (see �gure 1)but they are exploring new parameter spa
e in the 
ase of hidden photons (see �gure 2) andthey have a huge potential to in
rease their sensitivity due to several optimization te
hniquesthat have been already proposed but are still not implemented. In the most re
ent generationof laser regeneration experiments a sensitivity of the order of g . 10�8 GeV�1 has been rea
hedfor ALPs and � . 10�6 in the 
ase of hidden photons. A total of six LSW experiments havebeen performed all over the world, in alphabeti
al order they are: ALPS at DESY [40℄ witha magneti
 strength of B = 5:5 T, BFRT at Brookhaven [41℄ with B = 3:7 T, BMV at LULI[42℄ with B = 12:3 T, GammeV at Fermilab [43℄ with B = 5 T, LIPSS at JLAB [44℄ withB = 1:7 T and �nally OSQAR at CERN [45℄ with B = 9 T. Many of them are already planningand implementing a next phase.6. Optimizing light shining through a wall experimentsFor the next generation of LSW experiments several important proposals have already beenmade to in
rease the sensitivity. One of the most promising te
hniques is to in
lude high qualitymat
hed Fabry-Perot 
avities in the produ
tion and regeneration sides of the experiment [46℄.When both 
avities are tuned to the same frequen
y, !, it is possible to gain an enhan
ementin the sensitivity for the ALP-photon 
oupling or the kineti
 mixing parameter by the fourthroot of ea
h of the 
avities' power buildups3, i.e (g; �) / (�g�r)�1=4. Considering that with theavailable te
hnology 
avities with � � 104 � 105 seem realisti
, an improvement of the orderof 102 in these 
ouplings are feasible. The expe
ted number of photons after the regeneration
avity of su
h LSW experiment will be given by [46, 47℄Ns = �2 �g�r Pprim! P 2
!WISP�; (19)where Pprim is the primary laser power, �g;r are the power build-ups of the generation andregeneration 
avities, � is the spatial overlap integral between the WISP mode and the ele
tri
�eld mode [46℄ and � is the measurement time. Most likely a se
ond improvement for the nextgeneration of LSW experiments will be to enlarge the magneti
 region, without losing magneti
strength. This 
an be a
hieved by arranging several dipole magnets in a row [48℄. Assuming asetup with 6 + 6 HERA dipole magnets, the expe
ted sensitivity will be of the order ofgsens = 2:71 � 10�11GeV �290 TmBL � �0:95� �1=2� � 1010�g�r �1=4 � 3 WPprim�1=4 h nb10�4Hzi1=8 �100h� �1=8 ; (20)where we have used the ben
hmark values for the most important parameters, as summarizedin table 1, and we have been quite 
onservative, assuming that no single photon dete
tion
ould be a
hieved, therefore we have in
luded the dark 
ount rate, nb. However, 
are mustbe taken with respe
t to two important points: �rst, the enlargement of the resonant 
avityby adding N magnets is strongly dependent on the diameter of the laser beam and therefore,the aperture of the magnet, and se
ondly when arranging several magnets in a row, we are3 We 
hose to refer to the power buildup of the 
avity, �, instead of the 
ommonly used �nesse sin
e it is theformer whi
h plays the most dire
t role in the produ
tion and regeneration of WISPs.



Table 1. Ben
hmark values for a next generation LSW experiment.6 + 6 HERA B Pprim � ! � � nbL = 52:8 m 5:5 T 3 W �g = �r = 105 1:17 eV 0:95 100 h 10�4 Hzalso in
luding a natural and probably unavoidable gap, with no magneti
 �eld in between ea
hmagnet. The impa
t of this gap has been proven to be non-negligible [49℄ and in order to betteroptimize the experiment should be taken into a

ount. Of 
ourse the se
ond point only appliesto ALP sear
hes with LSW experiments, sin
e for hidden photons the magneti
 region makes nodi�eren
e. Let us start by addressing the gap, �, in between the magnets. The probability todete
t a photon after the wall gets modi�ed whether the arrangement of magnets is the normalone (all the same polarization) or a wiggler (alternate polarization [50℄), for both 
ases they aregiven by P
!� = 14 !k� (gBL)2 jF (qL)j2 ; (21)with q = jk
 � k�j and F (qL) a fun
tion known as the form fa
tor. In the 
ase of just onemagnet, takes the form F (L) = 2qL sin� qL2 �. For an arrangement of N magnets of length ` ea
h,and the same polarization the form fa
tor is given by [49℄jFN;�(qL)j = ������ 2qL sin� qL2N� sin� qN2 � LN +���sin � q2 � LN +��� ������ ; (22)and in the 
ase of a wiggler 
on�guration of n alternating regions, it takes the formjFn(qL)j = 8<: ��� 2qL sin� qL2 � tan� qL2n���� ; n even;��� 2qL 
os� qL2 � tan� qL2n���� ; n odd: (23)Where in both 
ases, the total magneti
 length is L = N`. We 
an now maximize equations (22)or (23) varying the gap length. Thus, we are able in prin
iple to optimize the sensitivityfor given values of m� 
hanging the size of the gap, s
anning optimally the ALP parameterspa
e. For instan
e, maximization of equation (22) gives (q`=2)(1 + �opt=`) = k�, withk 2 Z. Unfortunately, using this equation, a full s
an of the parameter region it is not possibleexperimentally, be
ause is limited by the length of the setup, and in parti
ular also by themaximal length of the 
avity (see below).As we mentioned before, atta
hed to the enlargement of the magneti
 region, 
omes the issueof the optimal length of the Fabry-Perot 
avity. On the one hand, the 
avity should be as largeas possible, sin
e in the 
ase of ALPs, the 
onversion probability is dire
tly proportional to thesquare of the total length, and in the 
ase of hidden photons, large 
avities allow to have goodsensitivity at lower masses. But on the other hand, large 
avities may introdu
e high di�ra
tionlosses. This leads to minimum requirements on the diameter of the laser beam and thereforeon the aperture of the 
avity, whi
h of 
ourse, is set by the aperture of the magnet. In orderto a
hieve a high power build-up of the 
avity (as we have assumed in our estimations before)the losses should be kept to a minimum. In parti
ular, for an impedan
e mat
hed 
avity the
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Figure 4. Comparison of gsens vs. 
avitylength Z, between three possible LSW setups withHERA, LHC, and Tevatron magnets, in the ideals
enario of no gap in-between the magnets. Theradius of the bore aperture of the di�erent magnetsis approximately 30 mm for HERA dipoles, 28 mmfor LHC magnets and 24 mm for Tevatron dipolemagnets. Figure from referen
e [49℄ .
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Figure 5. Quantifying the e�e
t of the gapin the setup. The thin lines emerging from ea
hgapless 
on�guration to the right and up represent
on�gurations with gap size � = 1; 2; 3; 4; 5 m.Figure from referen
e [49℄ where also more details
an be found.most important losses 
ome from the transmissivity of the 
avity mirrors and the round triplosses, spe
ially from 
lipping the 
avity mode. Following [49℄ the sensitive 
oupling 
onstant ofphotons to ALPs (for hidden photons it is exa
tly the same) depends mainly on the 
ombinationgsens / 1L�1=2 = 1L �e�2a2=w2(Z) + Æ�0 + Æ2�1=2 ; (24)where the exponential fa
tor a

ounts for the 
lipping losses, and a a

ounts for the apertureof the 
avity (set by the aperture of the magnet), w(Z) is the spot of the laser beam at somedistan
e Z from the sour
e, Æ2 for the losses on the transmissivity of the mirrors and Æ�0 a

ountsfor other 
ontributions to internal losses of the 
avity. Therefore, the optimization of the 
avitylength 
omes to keep the 
oupling 
onstant (g; �) as small as possible, in
luding all these lossfa
tors. Performing the minimization of equation (24) it is possible to �nd that the optimallength of the 
avity, Zopt, that ensures the best relation length-power build-up is given byZopt = 0:0755�a2� = 89:2 m� a20 mm�2 1064 nm� ; (25)where � is the wavelength of the laser and it 
an be 
he
ked that this result 
orresponds toÆ
lip0 =(Æ0 + Æ2) = 0:177. In previous literature [47℄ a value Æ
lip0 =(Æ0 + Æ2) � 1 was used, leadingto a slightly less optimal setup. The optimal relation between the 
oupling 
onstant and thenumber of magnets for the three 
urrently available dipole magnets HERA, LHC and Tevatron
an be inferred from the minima in �gure 4. In �gure 5 the in
uen
e of the gaps between themagnets in the sensitivity of the experiment is exposed, assuming di�erent gaps of � = 1; 2; 3; 4; 5m.7. Sensitivity of the next generation of LSW experiments and outlookThe previous generation of LSW experiments have exploited just one or two super
ondu
tingdipole magnets. Nonetheless, the most sensitive experiment so far is the Any Light Parti
leSea
h (ALPS) experiment [40℄ that used only one HERA dipole. They were able to in
orporatemirrors to enhan
e the 
onversion probability in the generation side, rea
hing a power build-upof the 
avity of around �p � 300. Another important a
hievement of the 
ollaboration was to
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hes with lightshining through a wall experiments. The red region
orresponds to the best sensitivity of the previousphase of photon regeneration experiments (ALPSresults). In light blue it is shown the dis
overypotential of the next generation. We have used theben
hmark values of table 1.su

essfully introdu
e a bu�er gas in both sides of the experiment. By 
hanging the refra
tiveindex of the medium, they were able to shift the dips in sensitivity due to the os
illatory natureof the probability (see equation (21)) and therefore �ll those sensitivity gaps. In their se
ondstage, planned in two steps, they expe
t to a
hieve the lo
king of the two resonant 
avities andserious improvements in the laser power and the dete
tor. We have estimated the dis
overypotential for the next generation of LSW experiments: �gure 6 displays the expe
ted sensitivityfor ALPs and �gure 7 the same for hidden photons. We have assumed the ben
hmark values oftable 1. As we 
an see, it might be possible that for the �rst time LSW experiments 
ould bemore sensitive than solar sear
hes and s
an new parameter spa
e on ALPs . For hidden photons,they largely supersede the previous phase and in parti
ular, the hidden CMB hypothesis (seese
tion 4) 
ould be tested. The sensitivity of these experiments has grown 
onsiderably over thelast few years, to the point that by now they are the most sensitive purely laboratory probes.The advantage is that laboratory bounds are less model dependent, and they also apply if the
ouplings to photons e�e
tively depend on environmental 
onditions su
h as the temperatureand matter4, providing a 
lean and 
ontrolled environment [51℄.In this note we have reviewed the theoreti
al motivation for the existen
e of WISPs andsome of their stronger hints, most of them 
oming from 
osmology. We have then re
apitulatedone important sear
h of WISPs with photons, the light shining through wall experiments andwe have shown the major improvements so far proposed for the experiment and the expe
tedsensitivity for the next generation.A
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